ABSTRACT: Norwegian spring-spawning herring Clupea harengus make extensive feeding migrations in the Norwegian Sea during summer. At the end of the feeding season herring may meet conflicting demands between moving to areas with uncertain food abundance and predation risk and migrating to the wintering area at the coast. Previous studies on the distribution of herring indicate a general eastward migration in late summer, but do not reveal actual migration patterns and orientation mechanisms. About 700 schools of herring were tracked using multi-beam sonar during 2 surveys in the Norwegian Sea in July 1995 and 1996. In coastal areas off Northern Norway, migrating schools of young herring (2 to 6 yr) swam contrary to expectations westward with a mean migration speed of 0.65 m s -1
INTRODUCTION
The migration pattern of Norwegian spring-spawning herring Clupea harengus has varied during the past century (Dragesund et al. 1980 , Røttingen 1992 (Fig. 1 ) in connection with changes in environmental factors and herring stock size (Jakobsson 1969 , Dragesund et al. 1980 . During the past decade the migration pattern has been relatively constant (Dragesund et al. 1997) . Juvenile herring stay in the Barents Sea the first 2 to 4 yr (Dragesund et al. 1980 (Dragesund et al. , 1997 . Young herring (≤ 6 yr) mainly feed within coastal areas of Western Norway, whereas older herring (> 6 yr) make a large-scale feeding migration into the Norwegian Sea (Anonymous 1995 , 1996b , Dragesund et al. 1997 . The older herring have a similar migration pattern to that recorded between 1950 and 1962 (Fig. 1a) , except for a change in wintering area from northeast of Iceland to Vestfjorden, northern Norway (Dragesund et al. 1997) (Figs. 1d & 2) .
The main migration pattern of Norwegian springspawning herring has been studied by tagging experiments (Fridriksson & Aasen 1950 , Røttingen & Røt-tingen 1991 and acoustic observations of distribution during different periods of the year (i.e. Anonymous 1995 , 1996b , Misund et al. 1998 . Using large-scale distribution studies to interpret migration patterns may, however, result in misleading conclusions, and there have been few studies of the actual migration pattern of individual herring schools (but see Hafsteinsson & Misund 1995 , Misund et al. 1997 ).
Herring may use predictive (genetic factors or learning) and reactive (response to near field or state-space comparisons) orientation mechanisms during migration (Harden Jones 1968 , Corten 1993 , Fernö et al. 1998 . Predictive orientation mechanisms involve orientation towards areas with expected higher habitat quality without the use of information from the near field. A combination of reactive and predictive orientation mechanisms may provide herring with a flexible migration strategy, adapted to both predictable and unpredictable conditions (Fernö et al. 1998) . After spawning at the coast, adult herring start their feeding period by migrating into the Norwegian Sea (Misund et al. 1997 ) in large schools with high swimming speed and stable swimming direction (Nøttestad et al. 1996) . The westward migration is probably driven by predictive mechanisms involving both genetic factors and learning (Fernö et al. 1998) . During their feeding period herring mainly follow the seasonal production cycles of zooplankton, with the migration adapted to the food distribution (Pavshtiks 1959 , Øst-vedt 1965 , Melle et al. 1994 ). Herring delayed their westward feeding migration in the spring of 1998 when the food resources in the eastern part of the Norwegian Sea were unusually abundant (Holst et al. 1998) , illustrating the importance of food shortage in triggering the westward migration. Food availability should thus largely determine the spatial distribution of herring during the feeding season (Pavshtiks 1959 , Østvedt 1965 , Melle et al. 1994 , Jakobsson & Østvedt 1996 , Dragesund et al. 1997 .
The time for termination of feeding and migration towards the wintering areas varies. Røttingen (1988) observed that herring entered the wintering areas in September, but feeding herring schools have also been observed at that time (Pavshtiks 1959 , Misund 1993 . The herring hardly feed during wintering and spawning (Nøttestad et al. 1996 , Slotte 1999 , and the energy-demanding overwintering period and subsequent spawning migration (Slotte 1999 ) requires an accumulation of energy reserves during the feeding period. From an energetic point of view the herring should be expected to continue feeding for as long as possible before overwintering. Our study concentrated on late summer as the period when herring make decisions on where and when the overwintering will take place. We combined detailed smallscale school tracking observations with existing large-scale distribution data on herring and their prey to improve the understanding of herring migrations. Based on interpretations of migration patterns from previous studies of the stock distribution throughout the year (Røttingen 1992 , Dragesund et al. 1997 , older herring were expected to have an easterly migration pattern towards Lofoten in late summer, whereas young herring were expected to remain within coastal areas, swimming towards their wintering area.
MATERIALS AND METHODS
A total of 695 schools of Norwegian spring-spawning herring were tracked during 2 surveys in the Norwegian Sea, from 7 July to 2 August 1995 and from 9 to 19 July 1996 (Figs. 2 & 3) . The RV 'Johan Hjort' followed a predetermined survey track at standard survey speed (~10 knots). Schools at 50 to 400 m distance from the vessel were recorded using a Simrad SR240 24kHz multi-beam sonar (Johannessen 1992 ) with a ping rate depending on range (2 to 10 pings s -1
). The built in school tracking feature of the sonar provided information about school swimming speed, relative bearing to the ship, vessel to school distance, centre depth and horizontal area (Table 1) . School swimming speed was measured as the movement of the school's acoustic centre of gravity in relation to the earth's surface, (Knudsen 1990 ) was operated continuously throughout the surveys. Each detected school was classified as herring, blue whiting Micromesistius poutassou or mackerel Scomber scombrus based mainly on visual scrutiny of the echo traces in addition to pelagic trawl samples (96 in 1995 [Anonymous 1996a ] and 15 in 1996 [ Fig. 3] ) conducted in the area. The trawl catches were not necessarily from the detected schools, but herring dominated the observations. Length, weight and age (fishscales) of individual herring were measured, and the condition factor calculated as k = w × l , where w is the weight in grams and l is the length in centimetres. Stomach samples were collected from the trawl catches in 1995 and indices of stomach fullness recorded. MOCNESS was used for plankton sampling, mostly down to 700 m or to the bottom. Sampling and dry weight estimation of biomass were performed as described by Dalpadado et al. (2000) . Prior to drying, the samples were sieved through 2000, 1000 and 180 µm sieves to get size fractioned biomass estimates. From the 2000 µm fraction all krill, shrimps and fish were removed and weighed separately. The plankton dry weight samples from the upper 200 m were depth integrated to g dry weight m -2 surface and provided a measure of the food supply of herring.
The survey area was retrospectively split into 3 subareas (Fig. 2) based on the mean distance to the herring's main wintering area in Vestfjorden, habitat (continental shelf, continental slope or open ocean) and the age of the herring (young herring: ≤ 6 yr, old herring: > 6 yr). Eleven schools recorded outside these defined sub-areas were omitted from the analysis. Sub-area A is over the continental shelf and slope. The eastern part of sub-area B is over the continental shelf, whereas the northwestern part and sub-area C is in the open ocean. In 1996 herring schools in sub-area B and C were studied, and within each sub-area a subset ( Fig. 2 ) of about 100 herring schools was analysed, whereas in 1995 all acoustically recorded schools were analysed.
These 3 school types were excluded to reduce bias: Schools with a mean swimming speed above 2.0 m s -1 , as the sustained swimming speed of herring of the observed size is below this value (He & Wardle 1988) ; school registrations lasting less than 21 pings, due to low data precision during short registration periods (Hafsteinsson & Misund 1995) ; and schools where the vessel heading changed by more than 20°during the recording period, as large changes in vessel direction distorted the apparent school movements.
A computer program (Kvamme 1999 ) was developed in SAS v.6.03 software to plot the movement of each school and to calculate the mean swimming speed, centre depth and direction of migration (Table 1) . Analysis of the movements of each school, based on a similar method developed by Hafsteinsson & Misund (1995) , determined the swimming pattern as 'migrating', 'avoiding' or 'non-migrating' (Fig. 4) . 'Migrating' schools were defined as moving in straight lines with a clearly defined direction (< 45°change in direction).
In longer-lasting registrations (> 2 min), large changes in bearing (> 45°) were accepted if the school had a defined swimming direction when the entire recording was examined. 'Avoiding' schools either:
(1) changed their sustained bearing (maintained for a minimum of 10 s) by more than 45°and headed away from the vessel and then maintained this bearing until the vessel passed or the school disappeared from the sonar beam; or (2) changed their sustained bearing by more than 45°and then approached the vessel track (Misund & Aglen 1992) . 'Non-migrating' schools frequently changed bearing and performed irregular, restricted movements in the course of the observation period.
The direction of migration, β M j (°, direction of movement during the acoustic recording) and migration speed S Mj (m s -1 , rate of movement in the direction of migration) were calculated from the swimming speed, S ij (m s -1 ) and bearing, α ij (°) (Hafsteinsson & Misund 1995) . The indices i and j denote ping and school number, respectively. The swimming speed and bearing is estimated by the sonar, based on the change in geographical position of the school's acoustic centre of gravity (the point of maximum density) from ping to ping. For each school, rate of movement in northern ( 1) and (2) respectively.
The migration speed was calculated as: (3) while the direction of migration was determined according to:
A rough estimate of each school's horizontal area was calculated from the school's length along the acoustical axis on the sonar screen (lw, cm), as measured by ruler during the survey. The school length (along the acoustical axis), LW, was calculated as:
where s is the ratio between the vessel-school distance and the corresponding distance on the screen (s~ 30 m cm -1 with a sonar range of 400 m), α the tilt angle (α ≈ -7°), c the sound speed (c ≈ 1500 m s -1 ) and t s the pulse length (t s ≈ 2 × 10 -3 s). A constant ratio of 3:2 between CW (the school's width across the acoustical axis) and LW was assumed (Misund 1990) as there was no possibility to measure the width of all schools across the acoustical axis during the survey. An elliptical shape was assumed (Misund 1990) , and the school area (m 2 ) was calculated as:
Due to this approximation the school area should be considered a relative index only.
The sonar provided estimated school depth as {[school-vessel distance × sin(tilt angle)] + transducer depth}. Statistical tests assumed a significance level of α = 0.05 unless otherwise stated. Most parameters deviated appreciably from the normal distribution and nonparametric tests (Zar 1996) were consequently applied. Differences in the distribution of school categories between sub-areas and years were tested using a chi-square test. The migration directions in the different sub-areas were compared by visual examination of the rose diagrams (Fig. 5) . Kruskal-Wallis rank test was used to test for differences in swimming speed, migration speed, school area and depth between sub-areas and school categories. Where significant differences were found, post-hoc comparisons were conducted using a Mann-Whitney U-test. Here, the significance level was set to α' = 0.05/c (Bonferroni's method, Howell 1987) , where c is the number of tests in the post hoc comparison. Single factor analysis of variance (SAS Institute 1990) was carried out to test whether the mean condition factor and the degree of stomach filling varied with different age groups. Differences in condition factor, stomach filling and age of herring between western areas (> 500 m depth) and eastern areas (< 500 m depth) were tested by a t-test with unequal n.
RESULTS
All recorded schools (sonar, echo sounder) were positioned 0 to 60 m from the surface (mean centre depth about 20 m). The herring were concentrated relatively close to the coast. Sub-area A had the highest and sub-area C the lowest frequency of school recordings (Table 2 ). The geographic distribution of the herring schools is given in Fig. 2 . The largest observed distance between a school and the innermost part of the wintering area was 930 km.
In 1995 the median length and dominating age were 24 cm and 3 yr in sub-area A, 27 cm and 4 yr in sub-area B and 32 cm and 5 and 12 yr in sub- (Fig. 2) and years (from the 1995 and 1996 survey). The limits between the western and eastern part of sub-area A and B are 8°E and 12.5°E, respectively. The class intervals are 30°and n A95 = 94 (maximum value of axis = 19), n A95west = 25 (7), n A95east = 69 (17), n B95 = 40 (11), n B95west = 23 (4), n B95east = 17 (4), n B96 = 15 (5), n C95 = 23 (4), n C96 = 32 (7) Sub-area A Sub-area B Sub-area C area C (Fig. 6) . In sub-area C young and old herring were recorded in the eastern and western parts, respectively. In 1996 4-yr-old herring dominated, and the median length was 28 cm in both sub-areas B and C. Nonmigrating schools dominated in all subareas (Table 2 ), but the prevalence of the school categories differed among sub-areas and years (χ 2 = 39.10, p < 0.001). Sub-areas A (1995) and B (1996) differed the most. Sub-area A had a higher prevalence of migrating and avoiding schools and fewer non-migrating schools than the other subareas, whereas sub-area B had a high frequency of non-migrating schools and relatively few migrating and avoiding schools.
The dominant direction of migration among migrating schools was westerly (Fig. 5) . In 1995, the mean directions of migration were south-westerly in sub-areas A (231°) and B (229°), and south and southeasterly in sub-area C. The schools did consequently not swim uniformly towards the coast as anticipated. Differences between eastern and western parts were found within sub-areas A and B (Fig. 5) . Near the coast, a westerly direction dominated in both sub-areas. In the western part of subarea A (west of 8°E), easterly migration directions dominated, whereas both westerly and easterly migration directions were found in the western part of sub-area B (west of 12.5°E). The dominant direction of migration near the coast was also westerly in 1996 (Fig. 5) . Non-migrating schools had similar directions of movement as migrating schools, but the variation was higher (Kvamme 1999) . The direction of migration among avoiding schools differed from both migrating and non-migrating schools and mainly corresponded to the vessel's heading.
The overall mean swimming speed was 0.73 ± 0.40 (SD) m s -1 and the overall mean migration speed was 0. (Fig. 4) within the sub-areas (Fig. 2 ) in 1995 (7 July to 2 August) and 1996 (9 to 19 July) in percentages (absolute numbers in brackets) Fig. 6 . Clupea harengus. Length (cm) and age (yr) distribution of herring by percentage for each sub-area ( (Fig. 7) . The combined mean migration speed for migrating and non-migrating schools was 0.50 m s -1 . In coastal areas (sub-areas A and B) the mean migration speed of migrating schools was 0.65 m s -1 . Swimming and migration speeds, school area and centre depth within school categories were compared between sub-areas (Fig. 7) . The mean swimming speed was highest in subarea A and lowest in sub-area B. Migrating schools had higher swimming speeds in sub-areas A and C compared to sub-area B, and the same trend was observed in migration speed. Sub-area A generally contained larger schools than B and C. School centre depths were not different between subareas (Fig. 7) .
Avoiding schools had highest and non-migrating schools lowest mean swimming speeds (Fig. 7) . The mean migration speed was lower in nonmigrating schools than in both migrating and avoiding schools. No differences were found between school categories regarding horizontal area and centre depth.
Average age, condition factor and degree of stomach filling per station in July-August 1995 are presented in Fig. 8 . The average age was much higher in western areas (4.66 yr) compared to in eastern areas (3.36 yr) (p < 0.0001, t = 10.79, df = 1787). Older herring were found in the northwestern part of the Norwegian Sea, except one observation of old herring east of Shetland and herring had significantly higher condition factor (p < 0.05, t = 6.47, df = 2440) in western than eastern areas (Fig. 8) . Zooplankton biomass distribution in July-August 1995 in the survey area is shown in Fig. 9 . There is a clear tendency of higher zooplankton concentrations in the western areas. The geographical distribution of the ratio between large and small zooplankton shows that the larger zooplankton dominates in 2 areas: in the southwestern corner and a patch near the central Norwegian Sea (Fig. 10) . The mean condition factor of herring was different at different ages (F = 3.49, p < 0.0001). Fullest stomachs were also found in the western areas, although not statistically significant (p = 0.41, t = 0.82, df = 1925). The 10 trawl samples taken in July-August 1996 did not permit a valid comparison between areas. 
DISCUSSION

School categories
Movement patterns were used to classify herring schools as migrating, non-migrating or avoiding. Vessel avoidance (Olsen 1971 , Hafsteinsson & Misund 1995 may bias migration studies, but the avoidance was low in our study (7%) and avoiding schools excluded when considering migration patterns. The differences between migrating, non-migrating and avoiding schools concerning migration direction, swimming and migration speeds support that the classification criteria were valid. Migrating schools have been reported to react more strongly to vessel noise than feeding schools (Mohr 1969 , Misund 1994 , and the low prevalence of avoiding schools may reflect high feeding activity. Nonmigrating schools (64%) frequently changed swimming direction and were presumably foraging, as supported by earlier observations of a variable swimming direction of feeding herring schools (Nøttestad et al. 1996) .
From Figs. 2 & 8 it is clear that school registrations were from the eastern part of the survey area, and the schools detected here mainly consisted of herring less than 6 yr old, although with some herring up to 12 yr old in the western part. Eleven schools from the region west of sub-areas A, B and C were not included in the analysis (Kvamme 1999) .
Prey availability
Feeding conditions varied within the survey area. The biomass of zooplankton increased westwards from the Norwegian coast. The highest biomass was found in the colder water of the East Icelandic current (south western corner of survey region; Hansen & Østerhus 2000) and near the Arctic front towards Jan Mayen. This is a frequently observed biomass distribution that is seen both in May and July (e.g. Holst et al. 2001) . The proportion of larger zooplankton also increased towards the west. However, while the high biomass of zooplankton east of Jan Mayen seemed to be mainly smaller specimens, the zooplankton of the East Icelandic current were both abundant and large. In the larger size fraction, representing the preferred food for herring (Dalpadado et al. 2000) , copepodite stages CIV, V and adult Calanus finmarchicus together with C. hyperboreus accounted for most of the biomass observed (W. Melle pers. com.). The low biomass of zooplankton on the Norwegian shelf may have been caused by C. finmarchicus starting to migrate towards deeper waters for wintering (Slagstad & Tande 1996). In addition, depletion of prey by predation may have been important. A fish stock confined to a relatively small area may partly deplete its zooplankton prey (Manteufel 1941 , Arrhenius 1995 , Misund et al. 1998 , Cowan et al. 2000 , and in 1995 the highest concentrations of herring coincided with the lowest density of zooplankton (Dalpadado et al. 1996) . The high biomass of small zooplankton east of Jan Mayen probably represents the production of the first generation of C. finmarchicus of that region, and the high biomass of large zooplankton in the East Icelandic current was probably mainly various life stages of C. hyperboreus. Thus, feeding conditions for the herring should be best in the south-western region with high concentrations of large specimens, intermediate in the northwestern region with either high concentrations of small specimens or intermediate concentrations of large specimens, and inferior in the eastern shelf region with low concentrations of small specimens. Given that herring move towards increasing food concentrations, one should expect herring in sub-areas A and B to move westward and herring in the eastern parts of sub-area C to move south or westward. Such migration patterns in fact coincided with observed migration directions, except for the western schools of sub-areas A and C, which seemed to be moving more eastwards. Acoustics and trawl catches showed that old herring still remained in the western areas of high zooplankton biomasses, indicating that the older herring were able to exploit the better feeding areas further away from the wintering site, while the young herring were restricted to prey available closer to the coast.
Herring condition was significantly higher in the western part than at the coast, suggesting that feeding conditions were better offshore. Stomach fullness was also higher in the western part, although not statistically significant. Condition factor gives a historical and accumulated measure of feeding, whereas stomach content only provides an instantaneous measure of food intake that can be influenced by diurnal feeding rhythms and patchy prey distribution.
Migration direction and speed
At the end of the feeding season herring may meet conflicting demands between moving to areas with uncertain food abundance and predation risk, and migrating to the wintering area at the coast. The dominant direction of migration was not towards the wintering area and migrating schools generally moved westwards in sub-areas A and B. By migrating west herring should have improved the feeding conditions and extended their feeding period. In sub-areas A and C with high condition factor in several samples, both an eastern and western swimming direction was found, whereas in sub-area B with observed low prey concentrations, more consistent low condition factor and low fish age, most schools moved westwards, away from the wintering area. Schools near the coast within both sub-areas A and B migrated westwards. The westerly migration also in 1996 suggests that a westerly migration is a general way of responding to sub-optimal feeding conditions in coastal areas. No dominant direction of migration was found in sub-area C and the western part of sub-area B, suggesting that the herring migrated westwards until satisfactory feeding conditions were found. In the western part of sub-area A, an easterly migration even dominated.
No dominant direction of migration was found in sub-area C, suggesting satisfactory feeding conditions in this area. Old, long-distance migrating herring may have migrated towards the coastal areas in June-July (Anonymous 1995) , and stopped near the frontal area between Atlantic and coastal waters, where feeding conditions were better than at the continental shelf, yet the distance to the wintering area relatively short. A more western herring distribution in August than in July 1995 (Anonymous 1995) suggests that the stay west of frontal areas was not just a short feeding break before continuing eastwards.
Mean swimming and migration speeds for migrating schools were 0.89 m s -1 and 0.60 m s -1
, in accordance with observed swimming speeds for herring (e.g. He & Wardle 1988 , Misund & Aglen 1992 , Hafsteinsson & Misund 1995 . Despite small fish sizes, migration speed in sub-area A was high, suggesting that herring rapidly left areas with low prey availability. Herring have previously been reported to rapidly return from areas with unfavourable conditions (Jakobsson 1969) .
Feeding migration strategy of herring
Young herring have higher migration costs than older herring (Nøttestad et al. 1999) , and should thus have different behavioural trade-offs. This may confine young herring primarily to coastal areas. Older herring could afford the costs of migrating out of the area and thus take advantage of higher concentration of food in offshore areas avoiding intra-specific competition in coastal areas (Nøttestad et al. 1999) . The results in the present study also supports that young herring trade-off food availability and migration costs differently than older co-specifics.
The best feeding strategy for young herring could be to stay near the coast as long as feeding conditions are satisfactory and to move westwards if conditions worsen (see Melle et al. 1994 ). The westerly migration recorded both in July 1995 and 1996 indicate that this may be a regular migration pattern whenever food is scarce. Food availability in coastal areas is high early in the feeding period (Melle et al. 1994 ) and in years with a small herring stock (1970s and 1980s) this situation can prevail. It would then be advantageous for both young and old herring to keep the migration costs low by staying near the coast throughout the summer (Nøttestad et al. 1999) .
Norwegian spring-spawning herring has a high migratory capacity (Nøttestad et al. 1999) . The migration from the feeding area near Spitsbergen and Bjørnøya to the wintering area east of Iceland in 1968 was reported to start at the beginning of September, covering the Bjørnøya to Jan Mayen distance (~740 km) in 20 d (Jakobsson 1969) , and Røttingen & Røttingen (1991) estimated that herring moved up to 830 km in 2 to 3 wk during the spawning migration. In our study, the longest linear distance from a school to the inner parts of the wintering area was 930 km. The combined mean migration speed for migrating and non-migrating schools was 0.50 m s -1 , or about 43 km d -1
. The herring should then be capable of covering a distance of 930 km in about 20 d. Herring do not usually enter the wintering area in Vestfjorden until September (Røttingen 1988 (Røttingen , 1992 , and from an energetic point of view the herring should continue feeding as long as possible before overwintering.
The migration pattern of herring could be controlled by predictive (genetic, learning) and reactive (response to near field, state-space comparisons) mechanisms (Fernö et al. 1998) . Genetic factors may operate on a large spatial and temporal scale, learning on an intermediate scale and reactive mechanisms on a small scale. Herring cannot perfectly predict feeding conditions in other areas and are thus not always found in an optimal habitat, but temporal and spatial variations in prey availability, temperature and currents are presumably sufficiently predictable on large scales to provide a selective pressure towards genetically inherent migration directions. Meso-scale environmental variability in the Norwegian Sea, such as changes in the North-Atlantic oscillation (Alheit & Hagen 1997) and inter-annual variation in prey distribution (Holst et al. 1998 , Corten 2000 creates, however, a need for flexible knowledge, provided by learning of favourable sites that may vary from generation to generation. Different year classes may in addition to different migration costs have different experiences, and young herring from the strong 1959 year-class had a totally different migration pattern from 1962 to 1965 than old herring (Fig.1b) , suggesting an effect by learning. The environment also varies spatially and temporally on a small scale, e.g. in terms of patchy prey distribution and depletion. Reactive mechanisms tuning the predictive orientation mechanisms (genetic and learning) to unpredictable local variation may therefore be crucial, and a combination of these mechanisms could enable herring to orient in a predictable but stochastically varying environment (Fernö et al. 1998) . Huse & Giske (1998) described the spatial movements of fish by an individual-based model combining reactive (by an artificial neural network) and predictive (by adapting the weights of the neural network by a genetic algorithm) orientation mechanisms.
Sub-optimal feeding conditions may trigger a largescale western migration after spawning, on the basis of a prediction of high concentrations of food (Fernö et al. 1998 ). In our study, young herring may have used the same predictive orientation mechanism in July when swimming westwards. This indicates that westwards swimming can also be released late in the feeding season. Older herring, mostly found in the western areas, may have chosen to feed in open ocean on their way to the wintering area either by using only reactive orientation mechanisms and feeding whenever good feeding conditions were met, or by using a combination of reactive and predictive mechanisms where previous experience caused them to avoid low prey densities in coastal areas in late summer by feeding west of the continental slope. A possible parallel is observed in migrating birds. During the autumn migration, many birds take a feeding break shortly before crossing ocean areas (Alerstam 1978 (Alerstam , 1990 . Prey densities may, however, be low in coastal areas, and observations suggest that older birds take breaks before reaching these areas, based on previous experience (Alerstam 1978) . Corten (2000) suggested an adaptation of herring migration to changes in timing of the Calanus finmarchicus seasonal cycle by a collective memory. A conservative migration and feeding strategy may have kept herring waiting in a sub-optimal feeding area for an improvement in coastal feeding conditions (see Corten 2000) . In some cases a conservative strategy, i.e. waiting for a new plankton bloom without leaving the area prematurely, may be a proper feeding strategy, but there must be a time limit. In our study, when feeding conditions at the coast did not improve, the tendency of herring to leave the area seemed to increase.
Seen together with the conservative choice of wintering area observed the last decade (Fernö et al. 1998) there is an interesting possibility that the older herring's avoidance of coastal areas in late summer, may be explained by a collective memory in the population (Fernö et al. 1998 , Corten 2000 . A trade-off between distance to a memorized wintering area and better feeding opportunities in another area may determine the migration pattern in late summer. If the migration costs by swimming to the former wintering area in late summer become too high, herring may well establish a new wintering area as documented in the 1950s and 1960s.
